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ABSTRACT Ten individual fish of two estuarine species, spot (Leiostomus xanthurus) and striped mullet (Mugil
cephalus), were analyzed for fatty acids. Fish of similar size were obiained from a single collection to minimize
variability due to age, size, location and scason. Analysis of variance (ANOVA) of each fatty acid provided
statistically similar groups for each acid that existed among individual fish. Fatty acids in the striped mutlet
provided a greater number of statistically similar groups than those in spot, indicating grealer variability among
individual striped mullet, which probably reflected a greater diversity in the feeding regime for this species.
ANOVA results within classes of fatty acids of both species indicated greater diversity in monounsaturated and
polyunsaturated than saturated fatty acids. Eicosapentaenoic acid (EPA) showed more individual variability in both
species than did docosahexaenoic acid (DHA). Dietary lipids and metabolic needs of the two species are distinct
and may be the key factors in explaining individual differences observed in these two fish species.

INTRODUCTION

Natural populations of fishes contain fatty acids and
other nutritional components that are highly variable.
Stansby (1981) has addressed some sources of variability in
fatty acid composition of fish oils within a given species.
Other studies have focused on individual species and

variations with respect to age (Hayashi and Takagi, 1978), .

season (Ueda, 1976; Hayashi and Takapi, 1977, 1978;
Gallagher ef al., 1989), size (Gallagher et al., 1984) and
geographical location (Addison ef al., 1973; Whyte and
Boutillier, 1991), but have not addressed variations among
individuals of these species. Assessing importance of these
variables is dependent upon appraisal of individual vari-
ability, since inherent biochemical differences exist from
fish to fish even when all other variables are minimized. It
was essential that specimens be carefully selected of two
species of coastal Gulf finfishes which differed little in size,
development stage, weight or location of catch. This
selection permitted specific examination of those fluctua-
tions in individual fatty acids that may occur due only to
individual differences. By using a non-random selection
process for samples, results could not be used to character-
ize overall trends in the two species. However, it was felt
thatresults would define some individual variations that are
vniquely characteristic for these two fishes that would
pemmitinformative and useful comparisons to be made and
that suggestions for these varability differences would be
suitable,

Two species of coastal Gulf finfishes, spot and striped
mullet, were chosen for assessing individual variability
because they met several criteria. They represented fishes
with differcnt feeding regimcs, they were collected easily
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in large numbers from a given area in ong catch, and they
were numerons enough to permit selection of fish having
little variation in size. Additionally, the biology of spot
(Gunter, 1945; Dawson, 1958; Hodson et al., 1981; Chest-
nut, 1983; Sheridan ez al., 1984) and striped mullet (Odom,
1966; Thompson, 1966) is well established, and both
species are found abundantly in local coastal estaries.

Spotisadominant bottom fish and isconsidered tofeed
in schools over sand-mud bottoms on polychaetes,
harpacticoid copepods, bivalves and possibly some detritus
(Hildebrand and Schroeder, 1928; Darnell, 1958; Hodson
et al., 1981). Spot has a fairly small mouth and possesses
gill rakers that permit retention of small food particles and
preventingestion of relatively large food items such as fish,
shrimp and crabs (Damell, 1958; Hodson er al., 1981;
Chestnut, 1983; Sheridan et al., 1984).

On the other hand, the striped muliet begins its life by
eating planktonic plants and animals, but it changes its diet
to include a broad range of detritus and plant material as it
develops (Moore, 1974). It filter-feeds above organic muds
containing microplant material and macroplant detritus
(Odum, 1966, 1970), and it is generally considered to be a
broad spectrum herbivore. Occasionally, however, car-
nivorous feeding has beenobserved instriped mullet (Bishop
and Miglarese, 1978),

Fatty acids in marine dictary lipids, whether plant or
animal, serve as an energy source for metabolism and
provide polyunsaturated fatty acids (PUFA) essential for
membrane structure and function. Lipids in muscle tissue
of fish gencrally reflect thosc fatty acids obtained from the
diet. Since these two species have a widely different natural
diet, they provide an opportunity to ¢xamine individual
variability within and between species.
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MATERIALS AND METHODS
Collection

Striped mullet were collected on January 21, 1988 in
the shallow estuary of Biloxi Bay, Mississippi. Spot were
collected on April 13, 1988 at Ship Island, a barrier island
15 milcs south of Gulfport, Mississippi, in the northeastern
Gulf of Mexico. All fish were collected by gill net and
maintained on ice until examined. Standard lengths were
measured and weights recorded. Fish of approximately the
same size were filleted and individual fish placed separately
in polyethylene bags, flushed with N,, rapidly frozen and
stored at-20°C. Average body weight of striped mullet was
230g (+12% relative standard deviation: RSD) and average
standard length was 221 mm (£4.5%RSD). Avcrage body
weight of spot was 147 g (£5.2%RSD), and average stan-
dard length was 174 mm (£3.5%RSD).

Analytical Procedure

All solvents used in analysis were HPLC grade or
analytical reagent grade, Standards were purchased from
NuCheck Prep, Inc. (Elysian, MN). Fillets were
homogenized using a Waring blender and 0.5 g aliquots
weighed into screw-capped (Teflon-lined) centrifuge tubes
(30ml) and saponified at ambient temperature withethanolic
KOH under N, using a magnetic stirrer for one hour, Care
was exercised in the volumes of saponifying mixtures used
to keep the water level, derived from tissue, sufficiently
high to prevent trans-esterification. Solvent ratios were
those suggested by Nelson (1966). After dilution with
distilled water, the neutral fraction was extracted with
hexane. The remaining alkaline solution was acidified with
6N HCl, and free fatty acids were extracted with benzene.
Benzene aliquots were combined and concentrated using a
rotary evaporator. All evaporations were closely monitored
to ensure that distillation temperatures did notexceed 25°C.
Fatty acids were converted to methyl esters using 7% BF -
MeOH by the method of Metcalfe er al, (1966) modified to
use ambient temperatures and a one-hour reaction period.

Identification of faity acid methyl esters (FAME) was
obtained by capillary gas chromatography (GC) using a
Perkin-Elmer model Sigma 2000 gas chromatograph
equipped with flame ionization detector and fitted with a
30 m x 0.25 mm i.d. fused silica capillary column coated
with a 0.25 m film thickness of Dura Bond WAX (J & W
Scientific) and operated with a split ratio of 100:1. The
carrier gas, He, wasmaintained at20 psi. Oven temperature
was programmed at 90-250°C at a linear rate of 4°/minute.
Data was processed using a Perkin-Elmer Sigma 10 data
system with quantification of all compounds based on
individual peak area response by GC compared to the

internal standard methyl tricosanoate. Quantitative data
were comected for differences in detector responses that
were determined through analysis of authentic standards of
each reported fatty acid. FAME were tentatively identified
by comparison with retention times with those of authentic
standards. Verification of identification on select samples
was accomplished throygh gas chromatography mass spec-
trometry analysis conducted by National Marine Fisheries
Scrvice, Charleston Laboratory. Concentrations of indi-
vidual isomers of PUFA were separately tabulated; separate
isomers of monounsaturates (e.g. 18:1) were not reported.

Sample Protection

Several precautions were taken to ensure that no
degradation or other alteration of lipids occurred during
extraction and saponification. All analytical steps were
conducted at ambient temperatures, and samples were
constantly flushed with N, to preventoxidation. Further, as
many steps as possible were conducted inasingle extraction
tbe to reduce loss and degradation that occurs with sample
transfer. All solvents were flushed with N, immediately
before use to remove dissolved Q, and to prevent oxidative
degradation, Likewise, samples requiring storage were
placed in sample bags which were flushed with N, before
being frozen (-20°C). In addition, the antioxidant butylated
hydroxyioluene (BHT) was added in a concentration of

~ 0.005% (w/v) to extraction solvents to prevent oxidative

degradation of unsaturated Lipids.
Data Analysis

One way analysis of variance (ANOVA) with post
Jfacto 95% confidence level range test (Statistical Graphics
Corporation, 1988) was used to compare individual fatty
acids as well as certain parameters derived from fatty acid
data of individual fish. Similarity groups were established
of individuals for each variable which were statistically
indistinguishable (p<0.05). In addition, the number of
groups was tallied as a further measure of individual
variability,

RESULTS

Figures 1 and 2 depict mean concentration of fatty
acids in the samples of individual spot and stripcd mullet as
well as mean % composition of total saturated,
monounsaturated and PURA. Figures 1 and 2 also include
the standard deviations of the means of the ten individual
fish and are shown by the dark bars in the graphs. Concen-
trations are shown in both wt% of the total fatty acids and
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Figure 1. Leiostomus xanthurus. Distribution of fatty acids in spot. Empty bars to the left represent mean concentrations in
wi% of total reported fatty acids of 10 individual fish. Bars to the right depict mean concentrations in pg/g (wet tissue). Gray
bars are standard deviations computed on the mean of the 10 mean values for individual fish.
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Figure 2. Mugil cephalus. Distribution of fatty acids in striped mullet. See caption for Figure 1.
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in absolute concentrations of pg/g of wet tissue. Absolute
concentrations are useful when assessing muscle tissue for
nutritive value, particularly for omega-3 (n-3) content,
since there is an increased interest in possible health
benefits (Lands, 1986), while weight percent concentra-
tions are useful in assessing biochemical significance of
fatty acid distributions.

Tables 1 and 2 contain fatty acid data computed on a
wt % basis for fatty acids in muscle tissuc from spot and
striped mullet, respectively . Also included are summations
and ratios that are helpful in characterizing farty acid
profiles in finfish. Superscripts signify the statistically
similar group(s) that each individual fish falls within for
ANOVA treatment of each fauty acid or fatty acid param-
eter. At the end of each row is the number of groups
produced by ANOVA examination of that fatty acid.

Individuals of both species varied in fatcontent, Striped
mullet ranged from 1.82-6.38%, while spot ranged from
4.75-8.10%.

Fatty Acid Distribution in Spot and Striped Mullet

Fatty acid profiles (Figures 1 and 2) were similar from
both species, particularly in content of saturated fatty
acids. Hexadecanoic acid (16:0) was dominant, followed
in decreasing order by octadecanoic acid (18:0) and
tetradecanoic acid (14:0). The remaining saturated acids
constituted less than one percent of the total fatty acids.
The predominant monounsaturated acid in both fish was
16:1. Relative to 16:1, the contents of 18:1 and 20:1 acids
were higher in spot than in striped mullet, whether ex-
pressed in wt% or pg/g. The two principal PUFA in both
fishes were eicosapentaenoic acid (EPA, 20:5n-3) and
docosahexaenoic acid (DHA, 22:6n-3). Thesc n-3 PUFA
constitute a higher percentage of the total fatty acids of
striped mullet (23.7%) than the spot (13.5%), although in
absolute concentration, these PUFA are enriched in spot
(4,530 pg/g) relative to striped mullet (3,120 pg/g). A
narrow range (2.25 10 2.86%) as well as low concentration
of arachidonic acid (AA, 20:4n-6) was found in spot,
whereas a wider range and higher concentrations (1.70-
7.00%) were found in striped mullet.

Statistical Comparisons of Component Fatty Acids

Octadecanoic acid, 18:0, was the second most domi-
nant saturated fatty acid in both spot and striped mullet. In
spol, no significant difference in values was found among
any of the individual fish (i.e. only onc similarity group
shown in Table 1). On the other hand, there were seven
statistically similar groups for 18:0 in striped mullet
(Table 2). Minor saturated components, 20:0 and 22:0in
striped mullet (22:0 in spot), showed no significant differ-

encesamong any of the ten individual fish, Except for22:1
in spot, each monounsaturate in both spot and striped
mullet showed high diversity among individual fish (four
to six similarity groups). Among the PUFA, there were
more ANOVA similarity groups for EPA in both spot and
striped mullet than for DHA, indicating a greater diversity
of EPA than DHA in muscle tissue. In striped mullet,
ANOVA treatment of arachidonic (20:4n-6), linolenic
(18:3n-3) and octadecanoic acid (18:0) each produced
seven similarity groups, the most diverse fatly acids in
either fish,

Fatty Acid Classes

Figures 1 and 2 indicate that both fishes showed a
prevalence of monounsaturates, with spot having 46%
monounsaturated, 23% PUFA and 31% saturated, as com-
pared to 40%, 31%, and 29%, respectively, for these fatty
acid classes in striped mullet. The saturates for both fishes
were less diverse than for either the monounsaturates or
PUFA. Likewise, the average value of ANOV A similarity
groups for individual saturated fatty acids was less than that
found for either of the other fatty acid classes in both spot
and striped mullet.

Falty acids occurring in concentrations above 1% of
total fatty acids showed a higher degree of individual
variability than fatty acids occurring in less than 1% for both
spot and striped mullet. The average number of similarity
groups for all faity acids whose concentrations are above
1% was 3.8 for spot and 5.0 for striped mullet, with 2.5 and
4.3 groups for fatty acids comprising less than 1%.

Fatty Acid Parameters

Total n-3/n-6 ratio showed little variation among
individual spot with ANOVA, separating into only two
statistically similar groups. Excluding individual spot No.
1, no distinction occurred among individuals (Table 1),
Conversely, the separate sums of n-3 and n-6 fatty acids in
spot were separated into five and three similarity groups,
respectively, The n-3/n-6 ratio also varied less among
individual striped mullet (four groups) than the scparate
total n-3 and total n-6 fatty acid parameters (five and seven
groups, respectively). ANOVA treatment applied to total
PUFA in both spot and striped mullet produced five
similarity groups. In spot, the unsaturated/saturated and
(EPA+DHA)/n-3 parameters produced two and four
ANOVA groups, but in striped mullet, it was four and six
groups. ANOVA treatment separated the calculated
parameters of striped mullct into alarger number of groups
than those of spot, demonstrating the higher degree of
individual diversity for component fatty acids in the
striped mullet,



53

FATTY ACID VARIATIONS IN Two ESTUARINE FISHES

¥ JAso)ver  lose0) iey  (ess0) aBy Qe glesy e Jfezeo) ooy ez 0ty L0 VLY eIy % S-UAVHO+Yd3)
2 d6re) vy A EIs  nloel) o6 Qe I0G  RlEs1) 6v dezs)esr oIS By 8T 0¥ wl@oL) ey Wecs) see U
RN (> 4 (GO .= TR (V4 - TN (o7 1 SR {1 Y- R - AN - ALV S - K- - AR (- 4T} Jsorh) ozl Jfere) el LR
¢ (vZL)ese W0l eLe uall'Gl) 69y (B2 BIE (@I OSY sl PY 00T enltER) S5V Hotloor  Jfeoe)ele CRlcd
4 vz alild @z le@)sze feeeleee LlEsNEee NWRON®E  nloro)zie ol80e 622 (et Lol) iz 1262 /eBUny
4 J(7190) L8y pulsE20) 85 f60°1) v'op MBE0) 5P (0880l Py L(S0')) b W ier  plloro) ey {0zl vey  fe1e0) o'y SB{RINJESUNOLOLT
2 »lE01)§LE oleel ol H{L2e0) goe Jeleoe  Llesl)oie  Lrozoole  ((sesol e SN 0IE L0 21e LU iie selRIntesT
5 ~E@NEIE iR ofeireR w080t GUEN Ve izl eve J[eoe) g's2 961 8T (g2 01z Llesl)ezE Y4NdX
3 {921} 199 .(89°2) 289 Jfe9'y) 085 {ras) 1oG (ra9)ese  feazo)elL Jfose) o5 {282 69'S (602 oge  J(e90) 09 (vHa) eugze
¥ Jsse) vee w9908 980552 pnlliS)eLE  pefle9) 68 J[ore) o pile8s) 882 wl282) 882 ol08'1) 282 Jecv) 22 eugzE
2 wllre) Bl {8V I Kl899) 20} oG8l oel  LosR)ert  Ledel e se (824 2} alive) 21y Worst) v0'1 SUpZe
2 {eat) 8550 divvlotzo  J{cvR)velo J(oos)eveo  Jrirleslo  J(2eR) 20 26l a0 J{6%) 2620 vl eszo e ereo GugiR
¥ olirt)ize «{608) VL olLeE) 898 J(ear@e feos)eos e sy [e0e) 1o «l00E) 569 Jovaore v ess (vd3) e-ug:02
b (72 108 peglere) v J(se'6) 982 nBSNRZ el e f09E) 98T pufeeelere 02 222 plese) gee  ulree) 052 Sup02
] (CEIO0R0 WUPH)SE0  sol9VE) 6190 o(08E) 1290 (0D 6580 ,ug€O) 1EL0  LREEIBIL  yplELE) 1Ok olteneeeo Gz 0 g2
¢ «(€61) 8L00 096 PBE0  ocellGE) IPB0  on(LEE) €290 (602} LOL0  eellO1)OFO0  (021) 6960  (8TMIE80  (502) 5890  (b2'S) 80 Suzi02
g Jdigozro  J(oos0)oos0 o818} oL WBE5) 9050 L(EVE) 890 HRIE)S0SD  J(S6LZEL  nlTUAEU0 (2 er0 (187 S0 £-uesl
Z J(g879) L6890 J(808) 2120 Qlope) 601 (L) P00 Wl6'R)EEE0  nlEZvi) om0  alBZR)E| «l212) 81’} {882 0620 f28e) 0¥l guzgl
1 (vo1) 2850 (ve2)esr0  (904) 8eg'0 (vel)vevo  (s1e)eoso  (veuleeso  (e'8R) 450 (699) 0080 Eeelsoro  (6'52) 9450 1
2 «{60°c) 6¥°2 ()92 lrol el cmlsve)Eie wEleleeE cnlovelese {OB) LS  LedSEIISE saltO1) 062 w12 pvE L2
9 (8120) g02 mlEe La OGO a8 ponl028) 02l (80 ¥LL  unlL00) 0L P(TAVEL) J(issolesl el sl &1
9 olizl etz wlirr)ose (2e6) 892 wlev't) oge {1 gee BFE) ez JesL0) 81 pl6YE0) 29 pe(ERLN) 092 peddEEl) SV &7}
1 (18t 1150 (zov)ssvo  (1ew) seED (e'21) 8090 (o) 2090  (evi)ozso  (80) 629°0 (e'01) 2000 (52'1) £85°0 (e'v2) £05°0 'R
¢ W1°01) 2080 WEED) S0 (918 8260 WPEP)OLVD  nlPOR) G690 (001 0MD0  4fS15°0) 218°0 {206 €960 L(EIF)ESPO  oqlbEE) SPLO 0:02
1 (eo't) eas (00'6) r0's (82'9) €59 {eat) 19 (ve8)oL'e (s2')) 55 (e99) 959 (s2'6) £0'9 {oeshieg (8e'1) 039 08}
g M09 e sRlillFie oibse o0 W(892) €02 {42002 OB I wfEe eI (RSB0 502 {e56)22=  waltsLol vie 091
g Jdegg)ete  pleeso) 1o A69°€) 042 J(59%) s8¢ dlegooe  pleLh) ez Jegn) vee nl621) 282 J[6he) e Wov2) ve') (1271
% 1M Ul UOHROUIOUOD)
sdnory Q1 "ON 6 'ON 8 'ON L 'ON 9 'ON G 'ON ¥ "ON £ 'ON T 'ON T 'ON

‘prae Ayej yoea Joy pyndwod s§dnoid Ajepuns jo siaquma 03 Jagad sraquina dnoud (sdnosd Lpzenuns se 07 paltagay
are pue (§¢°0p>d) IRIRYIP AE21STIE]S Jou alte J3339] sdinsadns swes oY) Tuwirens SM0J ul ALY ‘SUOREIAIP PIEPUERIS IANE[AI ¢, I8 SIsaqIuated Ul San[ep
“YSY [ERPIAIPUL (T JO OB WIOJJ INSSY dIsnua PazimaBomoy jo saskjeue aedridal aauay) J0f saesut dae saLyuy *jods uy SpIoe Apeg Snunyuvx SHuoisolsy

LA



9 [{ereo) vze  L(1vv0) y's8 {s610) 6% #o981°0) 128 Jearo)eL Jdez0)ier  Jr0R0) 118 JEOless  Jwvoleve  J(osr0)eve %'e-UAYHA+Yd3)
14 fol)soL  Hleeco)sve J[99'2) 896 el gos Jfoev) 8L Lers)eLe rBE) 288  LlerE)iEY fecv) ey o9 aLs SR
§ w8 182 gli5e) oce wlL0p) 668 Jsevo)ezz JFEs0) g€ 88l vee  legore Lol L d)eie J(85'9) 69 <4
L 2210} see Jf62%) 05y Jfeve) s J(982) 89y J08'¥) 62¢ FOTNVE: fz2)els ftzr e Jfe92) 19w (e ey (214
v ololt) 622 {181} 152 mi6EE) 52 (5290 22 {8560 ov'2 (og)ere  ofeEtlire er)ese »(691) vL2 WJ(8ag) o2 lesg/esung
L wlehe) o'Le o628 vee «£6'5) 028 Wrzo) o' {epio) ety 812008 plesLo)Lve  (evso) ety e0) gLy Joodeve sejeInjesunoUouy
€ ~{968°0) ¥'08 e vez 882 622 (609°0) 9'82 (o820 22 SEN TR Wl 082 Jes) o2 Jh21) L2 L) Lie SO[RINEST
5 e loee) e #{69°) L68 4(6060°0) 128 {r80) 082 WSS Oy Mzee  Jlerz0)6z (e ese J[ees) ey v4ndZ
£ JeEe) g2l o{80'%) 601 JfL5) 981 e J68°1) 08¢ Jfove) o6l dsee) Lep {101} vz W(19'%) 00'9 ofF1L) o8t (vha) eua'ze
¥ w5V 99C  s(09'G) 11E J[(2se)es2 wlbll) e J{€2r'0) 66°¢ [ero)edy o f506) 69 o (LE0)08C  ml@SE)E5E {8°01) pa'E PRl
9 (0190) 2820 - J(621)5260  wnl0Zl) PLVO Vo) ESY0  of8L1) €290 (6valelt  onl0ve) u¥0 LT iee0 (S2T)ere0  ,.(6L2) 6890 Sz
2 Aivneero0 (321 eseo’0 Jdeerloio fvee)eleo JroRsvio  Jfgellsolo  (@€2) sozo WJst'1) 2810 Pz
s fes'1) Lok e 8L «(21e) 80l «(69°1) 804 J{ree0) 821 (812 1L wlvee0) w1l {or'1) se8 {01°2) 686 o1 vel (vd3) e-ugioz
L N3 E-Tkd J{ozv)aLe J[ovE) 89e Je2v) verl Wzeg0) ot +(£0°1) 00°2 Jree)e0e (e ese  HBosolsie (e1) 08y SUp0Z
£ a1 0080 SSUHBEZ0  Wl1) 280 el ee0  ynlrad) BIED SOV GEVD  va(BYS) LIED  4n(502) 9880 woll'GL)€BYO  or(09F) 2080 £Ug02
m 9 olOL2) 010 ponal@EL) 1520 o(814) 91E°0 @B oee0  Jfoel)eolo (OS5 1150 weleeR) 8820 ,al0L1)ezz0  Gl8E)1vi0  L(ew) L0r0 U202
= L mleot) zeLo o2 aeo #28'1) eLg0 W61 €820  4n(0990) BLE0 junalLLE0) £S5°0  olE9B0) OB} 4(W1) IS0 Q(IBE) BSYO 4peqll2'S) 909°0 £Ue8)
m § Joa1)ee 6871 apl J[E21) 891 Jfre) 2z J5L€) g98°0 J001) 0980 le0'6) 141 fe99)ee (o oet  Glizdesso uzel
9 rolS98) PORD  o(@IE)E2VO  (876) 2620  ,u{L00) 1690  [(eSP)ERl  (8080)88L0  love)eec0  (Ze2)bie0  L(vEW) oL &/
m v dsvsezo gl eol J{88')) 190 dgol)ezo  pleco) vol BoR)oe  Bee) 0 R she0  leon) oz L{89v0) 1660 (64
a g A90€) €28 «l60°E) BO'S Jeee) a's po(06°€) 69'9 wWBEN L9 BB e Rlevi)ess (50 99 dedws  wl0)) e 18l
9 wl1972) 688 (rodese wolLL9) 192 A20L0) 508 Jfazo)ere (A1 @i ee £evese  (2s6°0) bee J{eve)zsl (KT8
! (o) 120 (29'€) wvo0 (92) 8240 (Lo'e) ses'0 0z
| Gogdsizo (512 ezo (eLe) sre0 (g's¥) 1¥e0 (o) s1zo Geelpeeo (692 1ez0  (09€)isgo0  (59°6) S820 0:02
L Jfszo)ovy  (eze0) 1Lg Jfose) sag walbh D) v88 Joe2) 99¢ RETAVE-TR- TN (11T R (3 17 4] W{L06) 6872 &2 ere 08l
€ pECAVE A W2 sl WJfeLe) 1el »(018°0) 002 W\25v°0) 961 (1zslvel qleol) o J[e8'1) 061 Jeg'l) 88l J{ors)ozz 091
§ duziee  foeso) los le8r) 68 w208 88y pulEl) 08P oE1e)ese  lsel)ese dBriery 022 vy JSpeg) 22 ol
% WA UT UONRDUIOUO)D
sdnozy Q1 "ON 6 ON 8 "ON L ON 9 "ON § "ON ¥ "ON £ "ON T ON I 'ON

54

*pioe A)3e} yoes 10 payndmod sdnoud Lyrepus Jo s1vqunu 03 J3jRJ staqumu dnoad ¢sdnosd Lyrreqiums se 03 pasrajad
are pue (5¢'0>d) 3uaJyIp L[fednsyels j10u e 193 jdidsadns aures ayf) Juiteys SM0J WY SOLYUY *SUONEIAIP PIEPUE]S APE[AI 95 e SISAPuaied ur SAN[EA
“SY [ENPIAIPUT (T JO YIBI WO INSS) AISnuI paziuaouioy Jo sasdreue edndad 2o} J0j suvaw e SILpuy “Jofnuw padiys jo spoe Aneg -smoydad pinp

TA'MVL



FATTY ACID VARIATIONS IN TWO ESTUARINE FISHES 55

DiscussioN .

The polyunsaturated fatty acids in all fish lipids (both
n-3 and n-6) ar¢ derived solely from the diet, but ultimately
are of plant origin. In general, plants synthesize all of their
fatty acids, and phytoplankton is the basic food in the
aquatic field. Those species that feed directly on plant
matcrial (phytoplanklon and algae) reflect those plant farty
acids, while higher order carnivores accumulate n-3 and n-
6 PUFA contained in their prey which have progressed
through the food chain from the original plant source
(Sargent, 1976; Sargentand Whittle, 1981). Redand brown
macroalgae found in both the northern and southern hemi-
spheres are rich in arachidonic acid and EPA (Jamieson and
Reid, 1972). Dunstan e/ al. (1988) reported high concen-
trations of both EPA and arachidonic acid in finfishes who
feed on macroalgae in temperale Australian waters which
isconsistent with findings of Evans etal. (1986); highlevels
of both fatty acids were also observed with the striped
mulletin this study. Gibson etal, (1984)reported fatty acids
in24 Australian finfishes, of whichonly the members of the
mulletfamily (Mugilidae), whiting, turbot and leatherjacket
had higher EPA concentrations than DHA. A diet contain-
ing macroalgae may help explain the elevated levels of both
arachidonic acid and EPA in the striped mullet.

The pronounced variability in the fatty acid levels in
individual striped mullet is most likely due to inclusion of
detrital material in the diet, rather than the macroalgae.

Organic detritus in esmarine waters and sediments is com- -

posed primarily of small amorphous aggregates which may
originate from several sources, including benthic microalgae,
phytoplankton, microbes and aggregates of dissolved or-
ganic carbon excreted or leached from plants and animals
as well as salt marsh plants (Boesch and Tumer, 1984).
Organic carbon in estuarine sediments is extremely vari-
able (Lytle and Lytle, 1985) and would account for the more
highly variable diet of striped mullet which is derived in
large measure from sedimentary organic matter,

Spot fecd almost exclusively on invertebrates, prima-
rily marine polychaetes and small bivalves. Because of
their selective feeding habits, their diet is more consistent
than the die1 of striped mullet, particularly those feeding in
the same areas, Marine polychaete worms, a dietary item
of spot but not mullet, contain high concentrations of n-3
PUFA with EPA (20:5n-3) concentrations much higher
than DHA (22:6n-3) (Lytle and Lytle, 1990a). Similarly,
EPA concentrations were higher than DHA concentrations
in the individual spot. Qver 90% of 40) species of Gulf
finfishes analyzed in our laboratory (Lytle and Lytle,
1990b) contained higher concentrations of DHA than EPA.
Spot was one of the exceptions.

Saturated fatty acids, both individually and as aclass,
are conservative, i.e, are relatively constant and in this
case demonstrate litue fluctuationinlevel and distribution
among individuals of either spot or striped mullet. On the
other hand, the monounsaturates, both individually and as
a class, exhibited a wider variation among the individual
fish for both species. Individual striped mullet showed a
considerable range in 16:1 concentrations; again, this
could be aresultof the broad spectrum of plant and detrital
material in the diet. The narrower range of concentrations
of 16:1 among individual spot may reflect the consistent
invertebrate diet.

Arachidonic acid, the major n-6 PUFA found in both
spot and mullet, was one of the most variable constituents
in mullet, producing seven statistically similar groups
with four groups in spot. That variation provides strong
evidence that this n-6 PUFA isanon-conservative compo-
nent in both species. High proportions as well as high
variability of arachidonic acid are characteristic of trapi-
cal Australian marine fish and shellfish (Gibson, 1983;
Sinclair, 1983). However, significant levels have been
reported in some northern hemisphere fish (Kinsellaetal.,
1977; Gunstone et al., 1978; Gibson et al., 1984; Gooch et
al., 1987).

In summary, the results of this study, based upon a
small but selective group of fish, indicate that each
constituent fatty acid as well as farty acid class varies in
individuals within a species of marine fish, even when all
environmental and physiological effects are minimized.
The extent of individual fish variation differs between the
two species that were studied, with striped mullet showing
much greater variability in fatty acid composition and
lipid content than did individual spot, Diet is most likely
the primary cause of variations in individual fish, and a
more diverse diet probably accounts for the accentation
in individual variability in striped mullet. It is possible
that samples collected from other locales or during another
season would have shown entirely different trends. This
canonty be established from more definitive investigations
on the composition of fish diets under a variety of fish
collection conditions.
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